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(57) ABSTRACT 

Systems and methods for treating a vessel include devices 
having a main elongated element with a balloon at its distal 
end, an auxiliary elongated element wherein a distal end of 
the auxiliary elongated element is proximal to the balloon, 
and a core wire having a internal core wire portion and an 
external core wire portion, wherein the external core wire 
portion is external to the balloon. In some embodiments, a 
distal connecting element is attached to the distal end of the 
balloon. In some embodiments, the distal connecting element 
is positioned at a rotational distance from the auxiliary elon 
gated element. In some embodiments, the balloon is a fixed 
wire balloon. Inflation of the balloon causes guidewires posi 
tioned within the device and external core wires to be pushed 
up against the lesion, providing a focused force for cracking 
the lesion. 
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SYSTEMIS AND METHODS FOR TREATINGA 
VESSELUSING FOCUSED FORCE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a division of U.S. patent application Ser. 
No. 1 1/746,682, filed on May 10, 2007, now U.S. Pat. No. 
7,901.378, which is a continuation-in-part of: 1) U.S. patent 
application Ser. No. 1 1/431,918, filed on May 11, 2006, now 
U.S. Pat. No. 7,780,715; and 2) International Patent Applica 
tion No. PCT/IL2006/001150, filed on Oct. 3, 2006, each of 
which aforementioned applications is incorporated by refer 
ence in its entirety into this application. 

FIELD OF THE INVENTION 

The present invention relates to systems and methods for 
treating a vessel using focused force, to aid in cracking of 
difficult lesions. 

BACKGROUND OF THE INVENTION 

Balloon dilatation catheters are used to treat lesions in 
vessels. However, difficulties are encountered in navigating 
tortuous anatomy and safely crossing very tight lesions. 
Moreover, Some lesions are difficult to crack using just a 
balloon, and require a focused force to enable cracking of the 
lesion at safe inflation pressures. 
An example of a system used to provide enhanced force is 

disclosed in U.S. Pat. No. 6,394,995 to Solar et al. Disclosed 
therein is a system having a flexible advancement member 
with a tracking member slidable over a guidewire, and a 
balloon having a distal end attached to the tracking member. 
However, this type of system provides limited focused force, 
does not address bifurcation lesions, and lacks pushability 
and maneuverability. 

It is therefore an object of the present invention to provide 
enhanced balloon dilatation catheter systems and methods 
with improved maneuverability and multiple treatment 
options. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention, there is 
provided a device for introduction into a vessel. The device 
includes a main elongated element having a main elongated 
element proximal end and a main elongated element distal 
end, a balloon positioned at the main elongated element distal 
end, an auxiliary elongated element having an auxiliary elon 
gated element proximal end and an auxiliary elongated ele 
ment distal end, the auxiliary elongated element distal end 
positioned proximal to the balloon, and a core wire including 
an internal core wire portion positioned within the main elon 
gated element and attached to the main elongated element at 
a core wire attachment point and an external core wire portion 
positioned distally with respect to the internal core wire por 
tion, the external core wire portion external to and running 
alongside the balloon. 

According to features of the present invention, in some 
embodiments a distal connecting element is positioned at a 
distal end of the balloon and may be rotationally spaced from 
or aligned with the auxiliary elongated element. In other 
embodiments, a fixed wire is positioned at the distal end of the 
balloon. The device may be over-the-wire or is rapid 
exchange, as these terms are known in the art, or a combina 
tion thereof. In some embodiments, the external core wire has 
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2 
a coil for preventing slippage of the balloon with respect to the 
lesion. In some embodiments, an occlusion balloon is posi 
tioned proximal to the auxiliary elongated element distal end. 

In accordance with additional aspects of the present inven 
tion, there is provided a device for introduction into a vessel. 
The device includes a main elongated element having a main 
elongated element proximal end and a main elongated ele 
ment distal end, a balloon positioned at the main elongated 
element distal end, an auxiliary elongated element having a 
proximal and a distal end, the auxiliary elongated element 
distal end positioned proximal to the balloon, and a distal 
connecting element positioned at a distal end of the balloon, 
wherein the distal connecting element is at a rotational dis 
tance from the auxiliary elongated element. 

In accordance with additional aspects of the present inven 
tion, there is provided a method for treating a vessel. The 
method includes providing a device having a main elongated 
element, a balloon at a distal end of the device, an auxiliary 
elongated element wherein a distal end of the auxiliary elon 
gated element is proximal to the balloon, and a wire attached 
to the device and positioned alongside the balloon and on an 
opposite side of the balloon as the auxiliary elongated ele 
ment and a distal connecting element at a distal end of the 
balloon, inserting a tracking guidewire into the vessel, back 
loading the tracking guidewire into the distal connecting ele 
ment, advancing the device over the tracking guidewire until 
the distal end of the device is adjacent to the lesion, advancing 
a second guidewire through the auxiliary elongated element, 
and inflating the balloon so as to push at least the attached 
wire and the tracking guidewire against different sides of a 
lesion in the vessel. 

Unless otherwise defined, all technical and scientific terms 
used herein have the same meaning as commonly understood 
by one of ordinary skill in the art to which this invention 
belongs. Although methods and materials similar or equiva 
lent to those described herein can be used in the practice or 
testing of the present invention, Suitable methods and mate 
rials are described below. In case of conflict, the patent speci 
fication, including definitions, will control. In addition, the 
materials, methods, and examples are illustrative only and not 
intended to be limiting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and further advantages of the present invention 
may be better understood by referring to the following 
description in conjunction with the accompanying drawings 
in which: 

FIG. 1A is a schematic illustration of a system for treat 
ment of a vessel, in accordance with embodiments of the 
present invention; 

FIGS. 1 B-1D are cross-sectional illustrations of the system 
of FIG. 1A: 

FIG. 1E is a perspective illustration of the system of FIG. 
1A: 

FIG. 1F is a schematic illustration of the system of FIG. 
1A, with an occlusion balloon; 

FIG. 1G is a cross-sectional illustration of the system of 
FIG.1F: 

FIG. 2 is a schematic illustration of a system for treatment 
of a vessel, in accordance with other embodiments of the 
present invention; 

FIG.3 is a schematic illustration of a system for treatment 
of a vessel, in accordance with yet additional embodiments of 
the present invention; 
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FIG. 4 is a schematic illustration of a system for treatment 
of a vessel, in accordance with yet additional embodiments of 
the present invention; 
FIGS.5A and 5B are illustrations of a core wire, in accor 

dance with embodiments of the present invention; 
FIGS. 6A-6D are cross-sectional illustrations of a distal 

portion of the systems of FIGS. 1-4; 
FIGS. 7A-7F are schematic illustrations of the steps of a 

method of treating a vessel, in accordance with embodiments 
of the present invention; 

FIGS. 8A-8C are schematic illustrations of the steps of a 
method of treating a vessel, in accordance with additional 
embodiments of the present invention: 

FIGS. 9A-9C are schematic illustrations of the steps of a 
method of treating a vessel, in accordance with additional 
embodiments of the present invention; and 

FIGS. 10A-10C are schematic illustrations of the steps of a 
method of treating a bifurcated vessel, in accordance with 
additional embodiments of the present invention. 

It will be appreciated that for simplicity and clarity of 
illustration, elements shown in the drawings have not neces 
sarily been drawn accurately or to scale. For example, the 
dimensions of Some of the elements may be exaggerated 
relative to other elements for clarity or several physical com 
ponents may be included in one functional block or element. 
Further, where considered appropriate, reference numerals 
may be repeated among the drawings to indicate correspond 
ing or analogous elements. Moreover, Some of the blocks 
depicted in the drawings may be combined into a single 
function. 

DETAILED DESCRIPTION 

In the following detailed description, numerous specific 
details are set forth in order to provide a thorough understand 
ing of the present invention. It will be understood by those of 
ordinary skill in the art that the present invention may be 
practiced without these specific details. In other instances, 
well-known methods, procedures, components and structures 
may not have been described in detail so as not to obscure the 
present invention. 
The present invention is directed to systems and methods 

for treatment of a vessel using focused force. The principles 
and operation of a system and methods according to the 
present invention may be better understood with reference to 
the drawings and accompanying descriptions. 

Before explaining at least one embodiment of the present 
invention in detail, it is to be understood that the invention is 
not limited in its application to the details of construction and 
the arrangement of the components set forth in the following 
description or illustrated in the drawings. The invention is 
capable of other embodiments or of being practiced or carried 
out in various ways. Also, it is to be understood that the 
phraseology and terminology employed herein are for the 
purpose of description and should not be regarded as limiting. 

It is appreciated that certain features of the invention, 
which are, for clarity, described in the context of separate 
embodiments, may also be provided in combination in a 
single embodiment. Conversely, various features of the 
invention, which are, for brevity, described in the context of a 
single embodiment, may also be provided separately or in any 
suitable subcombination. 

Reference is now made to FIGS. 1A and 1E, which are a 
schematic and perspective illustration, respectively, of a sys 
tem 10 for treatment of a vessel, in accordance with embodi 
ments of the present invention. System 10 includes a main 
elongated element 12 having a proximal end 14 and a distal 
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end 16. In some embodiments of the present invention, main 
elongated element 12 is a catheter shaft. A balloon 24 is 
positioned at distal end 16 of main elongated element 12. 
Balloon 24 can be comprised of a variety of diameters, rang 
ing from 1.25-10.0 mm, for example, and a variety of lengths, 
ranging from 10 mm to 30 cm, for example. Long balloons 
may be particularly useful for treating peripheral lesions, 
which often have long diseased portions. System 10 further 
includes an auxiliary elongated element 18 configured to 
receive a guidewire 48 therethrough. Auxiliary elongated ele 
ment 18 has a proximal end 20 with a proximal exit point 21 
for guidewire 48 and a distal end 22 with a distal exit point 23 
for guidewire 48. In some embodiments, at least a portion of 
auxiliary elongated element 18 is positioned within main 
elongated element 12 so as to reduce the outer profile of 
system 10. Distal end 22 of auxiliary elongated element 18 is 
proximal to balloon 24 such that guidewire 48, when posi 
tioned through auxiliary elongated element 18, exits distal 
exit point 23 and runs alongside and external to balloon 24. 
This configuration provides for a focused force element 
alongside balloon 24, as will be described further hereinbe 
low. In some embodiments, such as the one shown in FIGS. 
1A and 1E, auxiliary elongated element 18 runs along the 
length of main elongated element 12 to a proximal guidewire 
port 50. This configuration provides an over-the-wire type of 
configuration. In one embodiment, guidewire 48 positioned 
through distal exit point 23 forms a crotch point 46 at or near 
a proximal end of balloon 24. The presence of a crotch point 
may be useful, for example, for anchoring system 10 within a 
side branch to avoid slippage within the vessel to be treated, 
or to provide for precise positioning of system 10 at a bifur 
cation. 

In Some embodiments, main elongated element 12 is stiffer 
proximally than distally. This may be accomplished, for 
example, by using a metal hypotube in the proximal portion 
and a polymer or other flexible material in the distal portion. 
This configuration provides more flexibility at the distal end 
to allow for easier maneuverability through tortuous vessels, 
while maintaining rigidity at a proximal end for pushability. 
However, if the distal portion of main elongated element 12 is 
too flexible, it will be difficult to push through the vessels. 
Thus, system 10 further includes a core wire 28, which pro 
vides enhanced pushability of system 10 without significantly 
reducing the flexibility of system 10. Core wire 28 is provided 
in the flexible portion, and may terminate at the stiff portion 
when no longer needed for rigidity. In other embodiments, 
main elongated element 12 is relatively flexible along all or 
most of its length, by using a flexible polymer or other flexible 
material to form main elongated element 12. In these embodi 
ments, core wire 28 may run along an entire length of main 
elongated element 12 and may vary in diameter along the 
length so as to provide increased rigidity at proximal end 14. 
In some embodiments, the flexible shaft may also be braided 
or otherwise strengthened to provide sufficient rigidity. 

In embodiments of the present invention, core wire 28 has 
a portion positioned within main elongated element 12, 
referred to herein as internal core wire portion 30, and a 
portion positioned external to main elongated element 12, 
referred to herein as external core wire portion 32. Internal 
core wire portion 30 is proximal to external core wire portion 
32, and is attached to main elongated element 12 at an internal 
core wire attachment point 44. For embodiments wherein 
main elongated element 12 is comprised of a relatively flex 
ible distal portion and a relatively rigid proximal portion, 
internal core wire attachment point 44 is located at an inter 
face between the stiff proximal portion and the flexible distal 
portion, for example, a distal end of the hypotube. In embodi 
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ments wherein main elongated element is mostly or com 
pletely comprised of flexible material, internal core wire 
attachment point 44 is located at proximal end 14 of system 
10. However, it should be readily apparent that internal core 
wire attachment point 44 may be located at any location along 
the length of main elongated element 12. Moreover, multiple 
internal core wire attachment points 44 may be included. At a 
location proximal to balloon 24, internal core wire portion 30 
exits main elongated element 12 and becomes external core 
wire portion 32. This location is referred to herein as a core 
wire exit point 42. In one embodiment, core wire exit point 42 
is at a distal end of main elongated element 12. In other 
embodiments, core wire exit point 42 is at other locations 
along main elongated element12 (but in most cases proximal 
to balloon 24). Distal to core wire exit point 42, external core 
wire portion 32 is positioned alongside balloon 24, and a 
distal end of external core wire portion 32 is attached to a 
distal tip 25 of balloon 24. Several attachment or bonding 
locations provide transmission of forces through the length of 
the catheter, and thus enhance overall torquability and rotat 
ability. In particular, bonding can be done at any or all of the 
following locations: at distal tip 25 of balloon 24, at core wire 
exit point 42, and at internal core wire attachment point 44. 
Additional attachment points may be included as well. It 
should be noted that the use of an internal core wire makes it 
possible to have a longer flexible (polymeric or other) portion 
or even a completely flexible shaft, enhancing overall flex 
ibility of system 10. 

System 10 further includes a distal connecting element 38 
at distal tip 25 of balloon 24. Distal connecting element 38 is 
a short rail, ranging in length from 2-20 mm, and may be 
bonded to distal tip 25 such that the proximal end of distal 
connecting element 38 is distal to balloon 24. A three-way 
bond may be used to attach distal connecting element 38. 
balloon 24 and external core wire portion 32, all together. 
Distal connecting element 38 may be tapered toward its distal 
end to facilitate passage through tight Stenoses. Distal con 
necting element 38 is positioned at a rotational distance from 
auxiliary elongated element 18 and from external core wire 
portion 32, and is configured to hold a tracking guidewire 49 
therethrough. In some embodiments, distal connecting ele 
ment 38, auxiliary elongated element 18 and external core 
wire portion 32 are positioned approximately 120° from one 
another. In other embodiments, other rotational distances 
may be used. Such that there is some rotational separation 
between them. In this way, guidewire 48, tracking guidewire 
49 and core wire 32 may all lie alongside balloon 24 at 
different rotational positions along balloon 24 when balloon 
24 is in its expanded State. Although the separations between 
guidewire 48, tracking guidewire 49 and core wire 32 are not 
required to be any specific amounts, it should be apparent that 
the distances between them should be sufficient to provide 
separate wires alongside several different areas of balloon 24. 
Each of these wires can then provide a focused force to help 
crack difficult lesions, as will be explained further hereinbe 
low. It should be noted that in some embodiments, guidewire 
48 and tracking guidewire 49 may be of different sizes. 

Reference is now made to FIGS. 1 B-1D, which are cross 
sectional illustrations of system 10 shown at Section A-A, in 
accordance with several embodiments of the present inven 
tion. As shown in FIG. 1B, an interior portion of main elon 
gated element 12 serves as an inflation lumen 26, providing 
fluid communication between an inflation port 52 located at 
proximal end 14 of main elongated element 12 and balloon 24 
located at distal end 16 of main elongated element 12. In some 
embodiments, a portion of the interior of main elongated 
element 12 is sectioned off for use as inflation lumen 26, as 
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6 
shown in FIG. 1C and in FIG. 1D, wherein only the sectioned 
off inflation lumen 26 is in fluid communication with inflation 
port 52. Auxiliary elongated element 18 is positioned within 
main elongated element along an edge thereof. The cross 
sectional views of FIGS. 1 B-1D show auxiliary elongated 
element 18 with guidewire 48 positioned therein. Internal 
core wire portion 30 is positioned within main elongated 
element 12. In some embodiments, as shown in FIGS. 1B and 
1C, internal core wire portion 30 is positioned along an edge 
of main elongated element 12. In other embodiments, as 
shown in FIG. 1D, internal core wire portion 30 is positioned 
in a center of main elongated element 12. It should be readily 
apparent, however, that at core wire attachment point 44 and 
at core wire exit point 42, the core wire is in contact with or 
close proximity to an edge of main elongated element 12. 
Tracking guidewire 49 is shown external to main elongated 
element 12. 

Reference is now made to FIGS. 1F and 1G, which are 
schematic and cross-sectional illustrations of system 10 fur 
ther including an occlusion balloon 54. Occlusion balloon 54 
is positioned around main elongated element 12 and is proxi 
mal to auxiliary element distal exit point 23. Occlusion bal 
loon 54 may be used to temporarily occlude blood flow proxi 
mal to occlusion balloon 54, and to enable introduction of an 
item or a Substance into the vessel at the lesion site via 
auxiliary elongated element 18. In some embodiments, the 
item is a treatment device, such as a guidewire with an abla 
tion tip or any other treatment device. In some embodiments, 
the Substance is contrast media. In other embodiments, the 
Substance is atherapeutic drug or medicated Solution. In some 
embodiments, multiple ports 19 may be included on auxiliary 
elongated element 18, distal to occlusion balloon 54. These 
multiple ports 19 may enable spraying of a Substance Such as 
contrast media, drugs, medicated solutions, etc. Reference is 
now made to FIG. 2, which is a schematic illustration of 
system 10, wherein distal connecting element 38 is aligned 
with auxiliary elongated element 18, such that guidewire 48 
may be positioned through distal connecting element 38 and 
further through auxiliary elongated element 18, and out 
through auxiliary elongated element proximal exit point 21. 
Thus, only one guidewire is used in the configuration shown 
in FIG. 2. This design provides a single guidewire enclosure 
split into two sections—one at the distal end and one at the 
proximal end of balloon 24 in order to reduce the profile of 
system 10 in the vicinity of balloon 24 during introduction of 
system 10 into a vessel. Guidewire 48, while positioned 
within distal connecting element 38 and auxiliary elongated 
element 18, can serve as a focused force to help crack difficult 
lesions and may also be used as a tracking guidewire for 
advancing system 10 into the vessel. 

Reference is now made to FIG. 3, which is a schematic 
illustration of a system 100, in accordance with additional 
embodiments of the present invention. System 100 includes a 
main elongated element 112 having a proximal end 114 and a 
distal end 116. In some embodiments of the present invention, 
main elongated element 112 is a catheter shaft. A balloon 124 
is positioned at distalend 116 of main elongated element 112. 
Balloon 124 can be comprised of a variety of diameters, 
ranging from 1.25-10.0 mm, for example, and a variety of 
lengths, ranging from 10 mm to 30 cm, for example. Long 
balloons may be particularly useful for treating peripheral 
lesions, which often have long diseased portions. System 100 
further includes an auxiliary elongated element 118 config 
ured to receive a guidewire 48 therethrough. Auxiliary elon 
gated element 118 has a proximal end 120 with a proximal 
exit point 121 for guidewire 48 and a distal end 122 with a 
distal exit point 123 for guidewire 48. In some embodiments, 
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at least a portion of auxiliary elongated element 118 is posi 
tioned within main elongated element 112 so as to reduce the 
outer profile of system 100. Distal end 122 of auxiliary elon 
gated element 118 is proximal to balloon 124 such that 
guidewire 48, when positioned through auxiliary elongated 
element 118, exits distal exit point 123 and runs alongside and 
external to balloon 124. This configuration provides for a 
focused force element alongside balloon 124, as will be 
described further hereinbelow. In some embodiments, such as 
the one shown in FIG. 3, auxiliary elongated element 118 is 
relatively short, extending 5-30 cm, and in some embodi 
ments approximately 20 cm. This configuration enables rapid 
exchange in cases when system 100 may need to be retracted 
and a different device reinserted over guidewire 48. In one 
embodiment, guidewire 48 positioned through distal exit 
point 123 forms a crotch point 146 at or near a proximal end 
of balloon 124. The presence of a crotch point may be useful, 
for example, for anchoring system 100 within a side branch to 
avoid slippage within the vessel to be treated, or to provide for 
precise positioning of system 100 at a bifurcation. 

In some embodiments, main elongated element 112 is 
stiffer proximally than distally. This may be accomplished, 
for example, by using a metal hypotube in the proximal por 
tion and a polymer or other flexible material in the distal 
portion. This configuration provides more flexibility at the 
distal end to allow for easier maneuverability through tortu 
ous vessels, while maintaining rigidity at a proximal end for 
pushability. However, if the distal portion of main elongated 
element 112 is too flexible, it will be difficult to push through 
the vessels. Thus, system 100 further includes a core wire 
128, which provides enhanced pushability of system 100 
without significantly reducing the flexibility of system 100. 
Core wire 128 is provided in the flexible portion, and may 
terminate at the stiff portion when no longer needed for rigid 
ity. In other embodiments, main elongated element 112 is 
relatively flexible along all or most of its length, by using a 
flexible polymer or other flexible material to form main elon 
gated element 112. In these embodiments, core wire 128 may 
run along an entire length of main elongated element 112 and 
may vary in diameter along the length so as to provide 
increased rigidity at proximal end 114. In some embodi 
ments, the flexible shaft may also be braided or otherwise 
strengthened to provide sufficient rigidity. 

In embodiments of the present invention, core wire 128 has 
a portion positioned within main elongated element 112, 
referred to herein as internal core wire 130, and a portion 
positioned external to main elongated element 112, referred 
to hereinas external core wire 132. For embodiments wherein 
main elongated element 112 is comprised of a relatively flex 
ible distal portion and a relatively rigid proximal portion, 
internal core wire attachment point 144 is located at an inter 
face between the stiff proximal portion and the flexible distal 
portion, for example, a distal end of the hypotube. In embodi 
ments wherein main elongated element is mostly or com 
pletely comprised of flexible material, internal core wire 
attachment point 144 is located at proximal end 114 of system 
100. However, it should be readily apparent that internal core 
wire attachment point 144 may be located at any location 
along the length of main elongated element 112. Moreover, 
multiple internal core wire attachment points 144 may be 
included. At a location proximal to balloon 124, internal core 
wire 130 exits main elongated element 112 and becomes 
external core wire 132. This location is referred to herein as a 
core wire exit point 142. In one embodiment, core wire exit 
point 142 is at a distal end of main elongated element 112 (but 
in most cases proximal to balloon 124). In other embodi 
ments, core wire exit point 142 is at other locations along 
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main elongated element 112. Distal to core wire exit point 
142, external core wire 132 is positioned alongside balloon 
124, and a distal end of external core wire 132 is attached to 
a distal tip 125 ofballoon 124. Several attachment or bonding 
locations provide transmission of forces through the length of 
the catheter, and thus enhance overall torquability and rotat 
ability. In particular, bonding can be done at any or all of the 
following locations: at a distal tip ofballoon 124, at core wire 
exit point 142, and at internal core wire attachment point 144. 
Additional attachment points may be included as well. It 
should be noted that the use of an internal core wire makes it 
possible to have a longer flexible (polymeric or other) portion 
or even a completely flexible shaft, enhancing overall flex 
ibility of system 100. 

System 100 further includes a distal connecting element 
138 at distal tip 125 ofballoon 124. Distal connecting element 
138 is a short rail, extending 2-20 mm, and in some embodi 
ments approximately 10 mm, and may be bonded to distal tip 
125 such that the proximal end of distal connecting element 
138 is distal to balloon 124. A three-way bond may be used to 
attach distal connecting element 138, balloon 124 and core 
wire 132 all together. Distal connecting element 138 may be 
tapered toward its distal end to facilitate passage through tight 
Stenoses. Distal connecting element 138 is aligned with aux 
iliary elongated element 118, such that guidewire 48 may be 
positioned through distal connecting element 38 and further 
through auxiliary elongated element 118, and out through 
auxiliary elongated element proximal exit point 121. Thus, 
only one guidewire is used in the configuration shown in FIG. 
3. This design provides a single guidewire enclosure split into 
two sections—one at the distal end and one at the proximal 
end of balloon 124 in order to reduce the profile of system 
100 in the vicinity of balloon 124 during introduction of 
system 100 into a vessel. Guidewire 48, while positioned 
within distal connecting element 138 and auxiliary elongated 
element 118, can serve as a focused force to help crack diffi 
cult lesions and may also be used as a tracking guidewire for 
advancing system 100 into the vessel. 

Reference is now made to FIG. 4, which is a schematic 
illustration of a system 200 for treatment of a vessel, in 
accordance with yet additional embodiments of the present 
invention. The embodiment shown in FIG. 4 has a reduced 
profile due to the use of a fixed wire balloon, and may be 
particularly useful for Smaller peripheral vessels such as 
infra-popliteal vessels, for example. System 200 includes a 
main elongated element 212 having a proximal end 214 and a 
distal end 216. In some embodiments of the present invention, 
main elongated element 212 is a catheter shaft. A balloon 224 
is positioned at distalend 216 of main elongated element 212. 
Balloon 224 can be comprised of a variety of diameters, 
ranging from 1.25-10.0 mm, for example, and a variety of 
lengths, ranging from 10 mm to 30 cm, for example. Long 
balloons may be particularly useful for treating peripheral 
lesions, which often have long diseased portions. In the 
embodiment depicted in FIG. 4, balloon 224 is a fixed wire 
balloon. In one embodiment, balloon 224 is a fixed wire 
balloon as is commonly known in the art. An example of Such 
a balloon is the type used for the AceTM Balloon Catheter of 
Boston Scientific Corporation (Natick, Mass., USA). In 
another embodiment, balloon 224 is any balloon with a fixed 
wire attached thereto. System 200 further includes an auxil 
iary elongated element 218 configured to receive a guidewire 
48 therethrough. Auxiliary elongated element 218 has a 
proximal end 220 with a proximal exit point 221 for 
guidewire 48 and a distal end 222 with a distal exit point 223 
for guidewire 48. In some embodiments, at least a portion of 
auxiliary elongated element 218 is positioned within main 
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elongated element 212 so as to reduce the outer profile of 
system 200. Distal end 222 of auxiliary elongated element 
218 is proximal to balloon 224 such that guidewire 48, when 
positioned through auxiliary elongated element 218, exits 
distal exit point 223 and runs alongside and external to bal 
loon 224. This configuration provides for a focused force 
element alongside balloon 224, as will be described further 
hereinbelow. In some embodiments, such as the one shown in 
FIG. 4, auxiliary elongated element 218 is relatively short, 
extending 5-30 cm, and in Some embodiments approximately 
20 cm. This configuration enables rapid exchange in cases 
when system 200 may need to be retracted and a different 
device reinserted over guidewire 48. In other embodiments, 
auxiliary elongated element 218 may continue proximally 
along the entire length of main elongated element 212 for an 
over-the-wire configuration, such as described above with 
reference to FIG. 1A. In one embodiment, guidewire 48 posi 
tioned through distal exit point 223 forms a crotch point 246 
at or near a proximal end of balloon 224. The presence of a 
crotchpoint may be useful, for example, for anchoring system 
200 within a side branch to avoid slippage within the vessel to 
be treated, or to provide for precise positioning of system 100 
at a bifurcation. 

In some embodiments, main elongated element 212 is 
stiffer proximally than distally. This may be accomplished, 
for example, by using a metal hypotube in the proximal por 
tion and a polymer or other flexible material in the distal 
portion. This configuration provides more flexibility at the 
distal end to allow for easier maneuverability through tortu 
ous vessels, while maintaining rigidity at a proximal end for 
pushability. However, if the distal portion of main elongated 
element 212 is too flexible, it will be difficult to push through 
the vessels. Thus, system 200 further includes a core wire 
228, which provides enhanced pushability of system 200 
without significantly reducing the flexibility of system 200. 
Core wire 228 is provided in the flexible portion, and may 
terminate at the stiff portion when no longer needed for rigid 
ity. In other embodiments, main elongated element 212 is 
relatively flexible along all or most of its length, by using a 
flexible polymer or other flexible material to form main elon 
gated element 212. In these embodiments, core wire 228 may 
run along an entire length of main elongated element 212 and 
may vary in diameter along the length so as to provide 
increased rigidity at proximal end 214. In some embodi 
ments, the flexible shaft may also be braided or otherwise 
strengthened to provide sufficient rigidity. 

In embodiments of the present invention, core wire 228 has 
a portion positioned within main elongated element 212, 
referred to herein as internal core wire 230, and a portion 
positioned external to main elongated element 212, referred 
to hereinas external core wire 232. For embodiments wherein 
main elongated element 212 is comprised of a relatively flex 
ible distal portion and a relatively rigid proximal portion, 
internal core wire attachment point 244 is located at an inter 
face between the stiff proximal portion and the flexible distal 
portion, for example, a distal end of the hypotube. In embodi 
ments wherein main elongated element is mostly or com 
pletely comprised of flexible material, internal core wire 
attachment point 244 is located at proximal end 214 of system 
200. However, it should be readily apparent that internal core 
wire attachment point may be located at any location along 
the length of main elongated element 212. Moreover, mul 
tiple internal core wire attachment points 244 may be 
included. At a location proximal to balloon 224, internal core 
wire 230 exits main elongated element 212 and becomes 
external core wire 232. This location is referred to herein as a 
core wire exit point 242. In one embodiment, core wire exit 
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point 242 is at a distal end of main elongated element 212 (but 
in most cases proximal to balloon 224). In other embodi 
ments, core wire exit point 242 is at other locations along 
main elongated element 212. Distal to core wire exit point 
242, external core wire 232 is positioned alongside balloon 
224, and a distal end of external core wire 232 is attached to 
a distal tip 225 ofballoon 224. Several attachment or bonding 
locations provide transmission of forces through the length of 
the catheter, and thus enhance overall torquability and rotat 
ability. In particular, bonding can be done at any or all of the 
following locations: at a distal tip ofballoon 224, at core wire 
exit point 242, and at internal core wire attachment point 244. 
Additional attachment points may be included as well. It 
should be noted that the use of an internal core wire makes it 
possible to have a longer flexible (polymeric or other) portion 
or even a completely flexible shaft, enhancing overall flex 
ibility of system 200. In some embodiments, external core 
wire 232 and fixed wire 240 are comprised of the same wire. 
In other embodiments, some or all of external core wire 232 
and fixed wire 240 are separate pieces of wire which are 
connected at the distal tip of balloon 224. 

In all of the systems described above, a hydrophilic coating 
may be added externally to provide ease of insertion. 

Reference is now made to FIG.5A and FIG.SB, which are 
schematic illustrations of external core wire portion 32, 132, 
232 in accordance with embodiments of the present inven 
tion. As shown in FIG.5A, external core wire portion 32,132 
or 232 is configured with a wire portion 60 and a coil 34. Wire 
portion 60 includes a proximal wire section 62, a mid-wire 
section 64 and a distal wire section 66. Proximal and distal 
wire sections 62 and 66 both have a diameter D1 which is 
greater than a diameter D2 of mid-wire section 64. Coil 34 is 
wrapped around mid-wire section 64. When in position on 
system 10, mid-wire section 64 with coil 34 runs alongside 
balloon 24. This configuration provides enhanced flexibility 
as well as gripping at the lesion so that slippage of balloon 24. 
124, 224 against the lesion is reduced. Moreover, in some 
embodiments, coil 34 is comprised of radiopaque material, 
and thus acts as a marker for positioning of system 10, 100 or 
2OO. 

Reference is now made to FIG. 5B, which is an illustration 
of external core wire portion 32 in accordance with another 
embodiment of the present invention. Core wire 32 is a wire 
having at least one radiopaque marker 36 thereon. Multiple 
markers 36 may be used, and may be spaced at optimal 
locations such as at a proximal end and a distal end of balloon 
24, for example. 

Although external core wire portion 32 is positioned exter 
nal to balloon 24 when balloon 24 is in its inflated state, as 
shown in FIGS. 1A, 2, 3 and 4, when balloon 24 is in its 
deflated state (i.e., during insertion of system 10 into the 
body), external core wireportion 32 may be positioned within 
folds of balloon 24. Reference is now made to FIG. 6A-6D, 
which are cross-sectional illustrations along line B-B of sys 
tem 10 showing external core wire portion 32, guidewire 48, 
tracking guidewire 49, and balloon 24 in its deflated state 
(FIGS. 6A and 6B) and its inflated state (FIGS. 6C and 6D). 
It should be readily apparent that similar configurations are 
possible for systems 100 and 200 as well. As shown in FIGS. 
6A and 6B, when balloon 24 is in its deflated configuration, 
external core wire portion 32 is positioned within folds of 
balloon 24. If a guidewire 48 and/or tracking guidewire 49 are 
present, guidewire 48 and tracking guidewire 49 can be seen 
alongside balloon 24. As shown in FIG. 6C, when balloon 24 
is expanded, external core wire portion 32 is positioned 
alongside balloon 24. The external position of external core 
wire portion 32 with respect to balloon 24 provides an area of 
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focused force for cracking or breaking up hard or difficult 
lesions. Guidewire 48 and tracking guidewire 49 may be used 
to provide an additional area of focused force. In some 
embodiments, guidewire 48 is positioned at a rotational dis 
tance from external core wire portion 32 so as to provide 5 
multiple areas of focused force around system 10. For 
example, auxiliary elongated element 18 may be positioned 
approximately 180 degrees from external core wire portion 
32, or approximately 120 degrees from external core wire 
portion 32 and approximately 120 degrees from tracking 10 
guidewire 49, although it should be readily apparent that 
many different rotational distances are possible. 

Reference is now made to FIG. 6D, which is a cross 
sectional illustration along line B-B, in accordance with 
another embodiment. In this embodiment, additional external 15 
core wires 33 and 35 are present as well. Although shown with 
three external core wires, any suitable number of core wires 
may be used. In one embodiment, core wire 28 is split into 
multiple wires at core wire exit point 42, and the multiple core 
wires are bundled together at distal end 16 of system 10. In an 20 
alternative embodiment, multiple core wire exit points 42 are 
spaced around main elongated element 12, and multiple core 
wires exit through the multiple core wire exit points. They are 
then bundled together at distal tip 25 of balloon 24. 

Reference is now made to FIGS. 7A-7E, which are sche- 25 
matic illustrations of the steps of a method of treating a vessel, 
in accordance with embodiments of the present invention. A 
vessel 300 having a lesion 302 is accessed via tracking 
guidewire 49 as shown in FIG. 7A. Tracking guidewire 49 is 
backloaded onto system 10 by placing tracking guidewire 49 30 
through distal connecting element 38, and system 10 is 
advanced over tracking guidewire 49 to the vicinity of lesion 
302, as shown in FIG. 7B. Next, an additional guidewire 48 
may be positioned through auxiliary elongated element 18, 
and advanced until a distal end of guidewire 48 is distal to 35 
balloon 24, as shown in FIG. 7C. In some instances, when 
guidewire 48 is difficult to advance to this distal location, 
system 10 may be advanced distally past lesion 302, such that 
distal exit point 23 of auxiliary elongated element 18 is 
beyond lesion 302. Guidewire 48 is then advanced through 40 
auxiliary elongated element 18. System 10 may then be 
pulled back proximally so that guidewire 48 and tracking 
guidewire 49 are adjacent balloon 24 and are in a vicinity of 
lesion302. Balloon 24 is then expanded, as shown in FIG.7D. 
Expansion of balloon 24 causes external core wire portion 32 45 
to be released from within folds of balloon 24. Expansion of 
balloon 24 further causes guidewire 48, tracking guidewire 49 
and external core wire portion 32 to be pushed up against 
lesion 302 in three separate rotational positions around the 
vessel and the lesion. The presence of guidewire 48, tracking 50 
guidewire 49, and/or external core wire portion 32 provides a 
focused force to enable the user to crack hard lesions at low 
pressure before balloon 24 is fully inflated. Doing so allows 
vessel stretching to occurat a lower strain rate, thus minimiz 
ing the trauma associated with balloon dilatation. 55 

In some embodiments, auxiliary elongated lumen 18 may 
further be used to provide an item or substance to the vessel. 
Reference is now made to FIG. 7E, which is a schematic 
illustration of system 10 positioned inside vessel 300. After 
the lesion has been cracked or pushed open via balloon 24 60 
and/or external core wire portion 32 and/or guidewire 48, 
and/or tracking guidewire 49, balloon 24 may then be 
deflated. In some embodiments, guidewire 48 is retracted to 
provide an open lumen for delivery of an object or drug to 
vessel 300. Occlusion balloon 54 is inflated, blocking the 65 
portion of vessel 300 which is proximal to occlusion balloon 
54. Then, a drug, contrast media or other treatment device 
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may be inserted through auxiliary elongated element 18 and 
used to treat vessel300. In some embodiments, after deflating 
balloon 24, System 10 is advanced past the lesion, occlusion 
balloon 54 is inflated and treatment is provided to a portion of 
vessel 300 which is distal to lesion 302. In yet another 
embodiment, as shown in FIG. 1A, system 10 does not have 
occlusion balloon 54. After deflating balloon 24, system 10 is 
advanced past the lesion. Balloon 24 is reinflated at low 
pressure to occlude vessel 300, and treatment is provided to a 
portion of vessel 300 that is distal to lesion 302. In some 
embodiments, ports 19 may provide additional access for 
treatment of the vessel by spraying treatment solution, for 
example. 

In some embodiments, auxiliary elongated element 18 may 
be used to introduce a “buddy wire' for tortuous vessels. The 
“buddy wire' concept is known in the art, and involves intro 
ducing a secondary wire alongside a catheter to help 
straighten out curved vessels and ease the way for the cath 
eter. However, by using a system such as the ones described 
herein, the “buddy wire' may be introduced within the cath 
eter, minimizing the risk of puncture of the vessel or entangle 
ment of the buddy wire with the catheter. Moreover, systems 
of the present invention may also be used to introduce a 
second wire for bifurcations, wherein guidewire 48 intro 
duced through auxiliary elongated element 18 and tracking 
guidewire 49 may both remain in the vessel. When the system 
is removed from the body, guidewire 48 is prevented from 
entanglement with tracking guidewire 49 since guidewire 48 
is positioned within auxiliary elongated element 18. Thus, 
any crossing over which may occur is automatically straight 
ened out during removal of system 10. An additional use of 
system 10 is in cases where a practitioner encounters a “false 
lumen’. That is, if tracking guidewire 49 encounters an area 
which is not a true lumen, an additional guidewire 48 may be 
introduced through system 10 and through the true lumen. 
System 10 may then be retracted proximally, and advanced 
over guidewire 48 to cross the lesion. 

Reference is now made to FIGS. 8A-8C, which are sche 
matic illustrations of the steps of a method of treating a vessel, 
in accordance with embodiments of the present invention. A 
vessel 300 having a lesion 302 is accessed via guidewire 48, 
as shown in FIG.8A. Guidewire 48 is backloaded onto system 
100 by placing guidewire 48 through distal connecting ele 
ment 138, and further positioning guidewire 48 through aux 
iliary elongated element 118, as shown in FIG. 8B. In some 
embodiments, an introducer is used to help place guidewire 
48 into distal exit point of auxiliary elongated element 118. 
The introducer may be, for example, a mandrel having a 
female end, which is pre-loaded into both auxiliary elongated 
element 118 and distal connecting element 138. When 
guidewire 48 is backloaded into distal connecting element 
138, the proximal end of guidewire 48 is positioned within the 
female end of the mandrel. The mandrel may then be pulled 
back proximally, leading guidewire 48 into auxiliary elon 
gated element 118. Guidewire 48 is thus positioned through 
both distal connecting element 138 and through auxiliary 
elongated element 118, and exits through auxiliary elongated 
element proximal exit point 121, which may be relatively 
close to auxiliary elongated element distal exit point 123 for 
rapid exchange as shown in FIG. 8B, or may be at proximal 
end 114 of main elongated element 112 for an over-the-wire 
configuration. System 100 is advanced over guidewire 48, 
and positioned such that balloon 124 is adjacentlesion302, as 
shown in FIG. 8B. It should be noted that external core wire 
132 is not shown in FIG.8B during insertion, since it is folded 
into balloon 24. Balloon 124 is then inflated, which pushes 
both guidewire 48 and external core wire 132 up against 
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lesion 302. The presence of guidewire 48 and/or external core 
wire 132 provides a focused force to enable the user to crack 
hard lesions at low pressure before balloon 124 is fully 
inflated. Doing so allows vessel stretching to occurat a lower 
strain rate, thus minimizing the trauma associated with bal 
loon dilatation. 

Reference is now made to FIGS. 9A-9C, which are sche 
matic illustrations of the steps of a method of treating a vessel, 
in accordance with embodiments of the present invention. A 
vessel 300 having a lesion 302 is accessed via guidewire 48. 
Guidewire 48 is backloaded onto system 200 by placing 
guidewire 48 through auxiliary elongated element 218. 
Guidewire 48 exits through auxiliary elongated element 
proximal exit point 221, which may be relatively close to 
auxiliary elongated element distal exit point 223 for rapid 
exchange as shown in FIGS. 9B and 9C, or may be at proxi 
mal end 214 of main elongated element 212 for an over-the 
wire configuration. System 200 is advanced over guidewire 
48, and positioned such that balloon 224 is adjacent lesion 
302, as shown in FIG.9B. It should be noted that external core 
wire 232 is not shown in FIG.9B during insertion, since it is 
folded into balloon 224. Balloon 224 is then inflated, as 
shown in FIG. 9C, which pushes both guidewire 48 and 
external core wire 232 up against lesion 302. The presence of 
guidewire 48 and/or external core wire 232 provides a 
focused force to enable the user to crack hard lesions at low 
pressure before balloon 224 is fully inflated. Doing so allows 
vessel stretching to occurat a lower strain rate, thus minimiz 
ing the trauma associated with balloon dilatation. Alterna 
tively, instead of introducing a guidewire, fixed wire 240 is 
used to cross the lesion. In this embodiment, auxiliary elon 
gated element 218 may optionally not be included. Balloon 
224 is then expanded, and external core wire 232 provides the 
focused force. If auxiliary elongated element 218 is present, a 
guidewire 48 may additionally be introduced through auxil 
iary elongated element 218 to provide additional focused 
force. These forces may be useful in treating a variety of 
lesions, including those found at renal or peripheral vessels, 
and may be useful for procedures requiring high forces Such 
as valvuloplasty. It should be readily apparent that when 
auxiliary elongated element 218 is included, it may also be 
used as a conduit to provide objects, treatment drugs, contrast 
media, guidewires, etc. to the vessel. 

In some embodiments, the systems of the present invention 
may be used to treat vessels at a bifurcation. Reference is now 
made to FIGS. 10A-10C, which are schematic illustrations of 
the steps of a method for treating a bifurcated vessel, in 
accordance with embodiments of the present invention. First, 
tracking guidewire 49 is introduced into the main vessel 300, 
as shown in FIG. 10A. Next, system 10 is advanced over 
tracking guidewire 49 by backloading tracking guidewire 49 
through distal connecting element 38, as shown in FIG. 10B. 
A guidewire 48 may then be advanced through auxiliary 
elongated element 18 and into a branch vessel 304. The main 
vessel lesion 302 may then be treated by inflating balloon 24, 
while branch vessel 304 is protected in case of plaque shift or 
additional lesion portions extending into branch vessel 304. 
In alternative embodiments, system 100 is advanced over a 
guidewire 48 by backloading guidewire 48 into both distal 
connecting element 38 and auxiliary elongated element 18. 
After treatment of lesion 302 in main vessel 300, guidewire 
48 may be pulled back proximally and introduced into branch 
vessel 304. The balloon is deflated, the catheter is retracted 
along the guidewire, and the system is introduced into the 
branch vessel. The balloon may then be reinflated so as to 
compress the lesion in the branch vessel. In an alternative 
method, the guidewire is introduced into the branch vessel, 
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and the catheter is advanced over the guidewire past the 
bifurcation and into the main vessel. The main vessellesion is 
then treated by inflating the balloon and compressing the 
lesion. The balloon is deflated, the catheter is retracted, and 
introduced into the branch vessel such that the guidewire is 
positioned alongside the balloon. Upon inflation of the bal 
loon, the guidewire is compressed into the lesion site, and 
provides a focused force to enable the user to crack hard 
lesions at low pressure before the balloon is fully inflated. 
This alternative method is possible using system 200 with 
fixed wire 240, since fixed wire 240 may be used to cross the 
lesion at the main vessel while guidewire 48 is positioned in 
the branch vessel. 

While certain features of the present invention have been 
illustrated and described herein, many modifications, Substi 
tutions, changes, and equivalents may occur to those of ordi 
nary skill in the art. For example, a catheter for uses other than 
expansion of a balloon and/or delivery of a stent may be used 
with the device of the present invention, such as a catheter for 
drug delivery at an ostium, for cauterization, or for any other 
treatment. It is, therefore, to be understood that the appended 
claims are intended to cover all Such modifications and 
changes as fall within the true spirit of the present invention. 

What is claimed is: 
1. A method for treating a lesion in a vessel, the method 

comprising: 
providing a device having a main elongated element, a 

balloon at a distal end of the device, an auxiliary elon 
gated element wherein a distal end of the auxiliary elon 
gated element is proximal to the balloon, and a wire 
attached to the device and positioned alongside the bal 
loon and on an opposite side of the balloon as the aux 
iliary elongated element and a distal connecting element 
at a distal end of the balloon; 

inserting a tracking guidewire into the vessel; 
backloading the tracking guidewire into the distal connect 

ing element; 
advancing the device over the tracking guidewire until the 

distal end of the device is adjacent to the lesion; 
advancing a second guidewire through the auxiliary elon 

gated element; and 
inflating the balloon so as to push at least the attached wire 

and the tracking guidewire againstalesion in the vessel, 
said pushed attached wire and tracking guidewire each 
pushing against different sides of the lesion. 

2. The method of claim 1, wherein said advancing said 
second guidewire comprises advancing said second 
guidewire past the distal end of the balloon, and wherein said 
inflating the balloon causes said second guidewire to be 
pushed against the lesion at a different side of the lesion than 
said attached wire and tracking guidewire. 

3. The method of claim 2, wherein said advancing said 
second guidewire comprises advancing said second 
guidewire into a branch vessel. 

4. The method of claim 1, further comprising advancing the 
device past the lesion, removing the second guidewire, inflat 
ing the balloon, and inserting treatment Solution through the 
auxiliary elongated element and into the vessel in an area of 
the lesion. 

5. The method of claim 1, wherein the device further 
includes an occlusion balloon proximal to the distal end of the 
auxiliary elongated element, the method further comprising: 

deflating the balloon; 
inflating the occlusion balloon; and 
delivering a substance to the vessel through the auxiliary 

elongated element. 
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6. The method of claim 5, wherein said delivering com 
prises delivering a medicated solution. 

7. The method of claim 5, wherein said delivering com 
prises delivering a treatment device. 

8. The method of claim 5, wherein the auxiliary elongated 
element further comprises ports at a distal end thereof, and 
wherein said delivering comprises spraying through the ports. 

9. The method of claim 2, further comprising prior to said 
advancing a second guidewire advancing said device past the 
lesion, and after said advancing a second guidewire retracting 

16 
said device proximally so as to position said second 
guidewire adjacent to the lesion. 

10. The method of claim 1, wherein said advancing the 
second guidewire comprises advancing the second guidewire 
during advancement of the device, wherein said second 
guidewire is configured to act as a buddy wire to straighten 
out tortuous vessels. 


